Han, H., Glover, G. H., & Jeong, C. (2013). Cultural Influences on the Neural Correlate of Moral Decision Making Processes. Behavioural Brain Research. doi: 10.1016/j.bbr.2013.11.012 http://www.sciencedirect.com/science/article/pii/S016643281300689X Stanford University makes this pre-print draft available under a Creative Commons AttributionNoncommercial License. The published version is available from the publisher, subscribing libraries, and the author. This is the author's version of a work that was accepted for publication in Behavioural Brain Research. Changes resulting from the publishing process, such as peer review, editing, corrections, structural formatting, and other quality control mechanisms may not be reflected in this document. Changes may have been made to this work since it was submitted for publication. A definitive version was subsequently published in Behavioural Brain Research, doi: 10.1016/j.bbr.2013.11.012 http://www.sciencedirect.com/science/article/pii/S016643281300689X 2 Cultural Influences on the Neural Correlate of Moral Decision Making Processes Hyemin Han 1,# , Gary H. Glover 2 (Stanford University) Changwoo Jeong 3,# (Seoul National University) Author affiliations: 1 Graduate School of Education, Stanford University, California, USA, 2 Department of Radiology, School of Medicine, Stanford University, California, USA, and 3 Department of Ethics Education, College of Education, Seoul National University, Seoul, Korea. Highlights:  We compared the neural substrate of moral functioning between Koreans and Americans.  Koreans showed increased activity in the putamen, DLPFC, and postcentral sulcus.  Americans showed increased activity in the ACC and FPC.  Results support the idea of interactions between culture, education, and brain. Word Count: Paper: 8,970 words Abstract: 159 words Introduction: 825 words Discussion: 3,515 words References: 70 Running Header: Cultural Influences on Moral Functioning Disclosure: The authors report no conflicts of interest. # Address correspondence to: (Neuroimaging issues) Hyemin Han, Stanford Graduate School of Education, Stanford University, 3 485 Lasuen Mall, Stanford CA, 94305 USA. Tel: 1-650-725-5883, Fax: 650-725-8207, E-mail: gksgpals@stanford.edu Or (Educational issues) Changwoo Jeong, Department of Ethics Education, Seoul National University, 1 Gwanak-ro, Gwanak-gu, Seoul 151-748, South Korea. Tel: 82-2-880-7730, Fax: 82-2-888-3296, E-mail: jcwwoo@snu.ac.kr Abstract This study compares the neural substrate of moral decision making processes between Korean and American participants. By comparison with Americans, Korean participants showed increased activity in the right putamen associated with socio-intuitive processes and right superior frontal gyrus associated with cognitive control processes under a moral-personal condition, and in the right postcentral sulcus associated with mental calculation in familiar contexts under a moral-impersonal condition. On the other hand, American participants showed a significantly higher degree of activity in the bilateral anterior cingulate cortex (ACC) associated with conflict resolution under the moral-personal condition, and in the right medial frontal gyrus (MFG) associated with simple cognitive branching in non-familiar contexts under the moralimpersonal condition when a more lenient threshold was applied, than Korean participants. These findings support the ideas of the interactions between the cultural background, education, and brain development, proposed in the field of cultural psychology and educational psychology. The study introduces educational implications relevant to moral psychologists and educators. 4 Keywords: Moral psychology, Culture, Cultural neuroscience, fMRI, Moral decision making, Moral education 5 1. Introduction Recently, there have been various discussions regarding the relation between culture, education and human brain development. Given the previous studies done by cultural neuropsychologists, culture and human brain influence and construct each other through continuous interactions [1-3]. In addition, educational psychologists have recently argued that education significantly shapes human brain, while the brain is also influencing the process of learning [4]. The interactions between the cultural background, education, and brain development have become one of the most important ideas in the field of cultural neuropsychology and educational psychology. This idea proposes that the human brain is not completely determined by genetic factors, and can be changed by external cultural and educational factors [1-3]; on the other hand, it suggests that our cultural backgrounds and learning processes can also be affected by the results of neural level processes [4]. Thus, it may be wise to examine the relations and interactions between these factors to have a better understanding of our socio-cultural behaviors. Neuropsychological studies of socio-cultural psychological processes and cross-cultural neuropsychological investigations will contribute to the development of a better understanding in these fields. Given the idea in the field of cultural and educational psychology, we expect that different cultural and educational backgrounds across different countries could differently influence the development of socio-cognitive psychological processes at the neural level. These cross-cultural differences can be investigated through neuroimaging methods, which enable us to monitor socio-cognitive processes occurring in the human brain non-invasively. Previous neuroimaging studies have attempted to understand cross-cultural differences in sociocognitive processes. For instance, the neural substrate of the cultural influence on selfrepresentation [5], intergroup empathy [6] and delay discounting [7] were investigated using neuroimaging methods. However, there have been very few previous human brain studies that 6 have attempted to illuminate the influences of cultural and educational backgrounds on the moral decision making mechanism, which constitutes one of the most important parts of human sociocognitive psychological processes. Although many scholars in the field of moral and cultural psychology have investigated the differences and similarities in moral judgment and moral development across different cultures (e.g. [8-14]), their previous studies have not examined the differences at the neural level. In addition, previous neuroimaging studies of human morality have investigated the neural substrate of moral processes, while controlling for the cultural background and ethnicity of participants, and have not focused on cross-cultural differences (e.g. [15-19]). Therefore, we undertook the present study to compare the neural substrate of the moral decision making processes across different cultures, using the functional magnetic resonance imaging (fMRI) method. We presented a series of moral dilemmas to both Korean and American participants, and then investigated how their brains were differently activated when they were solving the presented moral dilemmas. Finally, we interpreted these neural level findings based on the ideas of previous studies in the field of cultural psychology (e.g., [20-26]) and moral psychology (e.g., [8-14]). We expect that there would be several significant differences between Korean and American's neural activity when participants are solving moral dilemmas. Given the previous studies in the field of cultural psychology, Korean participants are predicted to show a more neural activity in brain regions, which are associated with intuition and approximation (e.g., putamen, insula, caudate, postcentral sulcus, parietal lobule); on the other hand, Americans are predicted to show a significant activity in regions associated with formal reasoning, conflict and novelty monitoring (e.g., ACC, frontopolar prefrontal cortex (FPC)). 7 First, this study considers why Korean participants would show a more active response in regions associated with intuitive processes, while American counterparts are expected to show an increased activity in regions correlated with more slow reasoning processes when they are solving moral dilemmas. Norenzayan, Smith, Kim and Nisbett compared decision making processes between Korean and American participants [20]. In addition, Nisbett, Peng, Choi and Norenzayan suggested that people living in East Asian countries usually "seek intuitive instantaneous understanding through direct perception" toward external situations [21]. Because people living in East Asian societies tend to perceive and solve problems holistically, they become less analytic and think more "big-picture" than Europeans or Americans [21]. This tendency also appeared when a previous study tested the difference in critical thinking patterns between East Asians and European Canadians; the study showed that East Asians more utilized a less exact approximation than European Canadians [22]. Second, American participants would more utilize the conflict monitoring and novelty detecting monitoring mechanisms than Korean participants. The results of previous cultural psychological study showed that people living in collectivistic societies prefer to accommodate conflicting situations and to follow shared values [23,24], or even to avoid possible social conflicts [25] to maintain the harmony in their community, while people who came from individualistic societies tend to directly confront the conflicting situations. Moreover, because Korean society is not a highly multicultural society, Koreans would not frequently experience severe value conflicts between difference socio-cultural values or norms in their everyday life, while Americans would be exposed to such conflicts more frequently around them [26]. 8 2. Materials and Methods 2.1. Participants <Place Table 1 about here> Sixteen right-handed adults (aged 21-34 years, mean (±SD) age 28.59 ± 3.18 years; 8 females; 8 Koreans, 8 Americans) participated in the experiment. The number of each gender in each nationality group was equalized (4 males and 4 females in each nationality group). Participants in each group were born in their country of citizenship, and had not been out of the land of their citizenship more than two years. All participants were recruited in Stanford area. Korean participants were staying at Stanford University while we conducted our research. These requirements were to control possible confounding effects of different cultural and educational environments. They provided a written consent approved by the Institutional Review Board at Stanford University, were debriefed, and were compensated for their participation ($60). The participants were recruited via Stanford mailing lists and Facebook. For the additional cultural perspective survey, these sixteen participants were contacted again, and asked to complete two cultural perspective questionnaires about 2-4 weeks after the end of the previous fMRI session. We provided them with $2.5 as compensation. One participant did not complete his questionnaire, so the survey results from fifteen participants were collected and analyzed. 2.2. Dilemma Task The dilemma set in our study was initially developed by Greene et al [15,16]. It consists of three types of dilemmas: moral-personal, moral-impersonal and non-moral (neutral). Moral-personal dilemmas involve in certain moral violations, which meet these three criteria: "First, the violation must be likely to cause serious bodily harm. Second, this harm must be fall a particular person or set of persons. Third, the harm must not result from the deflection of an existing threat onto a different party. (p. 389)" [16]. A moral violation is impersonal if it fails to meet these 9 criteria. Non-moral or neutral dilemmas consist of general cognitive problems that were not involved in any moral or value judgment, such as a time-scheduling and investment decision. The whole dilemma set consisted of a total of 60 dilemmas. There are 22 moral-personal, 18 moral-impersonal and 20 neutral dilemmas included in the set. We translated them into Korean for Korean participants. Two scholars in the field of moral education and moral psychology translated and edited the dilemmas. Dilemma texts were presented to participants via a projector behind the 3T MR magnet. We used E-Prime 1.2 to display the texts on the projector. The participant was able to evaluate whether the solution presented at the end of each dilemma is "appropriate" or "inappropriate" using a button box, after reading a presented dilemma. Each dilemma was separated into three slides. Participants were able to proceed to the next slide by pushing any button on a response box. At the end of the third slide, participants were asked to evaluate the presented solution for the dilemma. They were asked to designate the solution as "appropriate" or "inappropriate". Here is an example dilemma presented. At the beginning of each trial in the moral-personal condition: Enemy soldiers have taken over your village. They have orders to kill all remaining civilians. You and some of your townspeople have sought refuge in the cellar of a large house. Outside you hear the voices of soldiers who have come to search the house for valuables. Your baby begins to cry loudly. You cover his mouth to block the sound. If you remove your hand from his mouth his crying will summon the attention of the soldiers who will kill you, your child, and the others hiding out in the cellar. To save yourself and the others you must smother your child to death. Is it appropriate for you to smother your child in order to save yourself and the other townspeople? 10 Here are two other example dilemmas in the moral-impersonal and non-moral conditions: You are a member of a government legislature. The legislature is deciding between two different policies concerning environmental hazards. Policy A has a 90% chance of causing no deaths at all and has a 10% chance of causing 1000 deaths. Policy B has a 92% chance of causing no deaths and an 8% chance of causing 10,000 deaths. Is it appropriate for you to vote for Policy A over Policy B? (Moral-Impersonal) You are a farm worker driving a turnip-harvesting machine. You are approaching two diverging paths. By choosing the path on the left you will harvest ten bushels of turnips. By choosing the path on the right you will harvest twenty bushels of turnips. If you do nothing your turnipharvesting machine will turn to the left. Is it appropriate for you to turn your turnip-picking machine to the right in order to harvest twenty bushels of turnips instead of ten? (Non-Moral) Participants were asked to evaluate whether the presented solution is morally appropriate or inappropriate. On the one hand, if a participant considered that the solution is morally appropriate, it usually required a sacrifice of a certain value; for instance, if a participant wanted to kill a person to save five other people, she should evaluate the solution as appropriate in that case. In most cases, this evaluation was justifiable on utilitarian grounds. On the other hand, if a participant designated the solution as morally inappropriate, this response meant that she denied 11 sacrificing the life of the person as a means to save other people. It could be interpreted as a deontological decision to the presented moral dilemma. In short, utilitarian judgments represent "judgments that maximize aggregate welfare;" whereas deontological judgments are based on a philosophical standpoint that contends "certain rights or duties must be respected, regardless of the greater good that might otherwise be achieved." [16] The participant had a total of 46 seconds to read the presented text and make a decision. 14 seconds of fixations were displayed at the beginning and end of each block and between trials. The whole scanning session consisted of a total of 12 blocks. Each block contained 5 dilemmas. The order of dilemmas was randomized to minimize the possible effect of adaptation to a certain type of dilemma. 2.3. Cultural Perspective Survey To quantify participants' cultural perspectives, we used two different types of questionnaires. First, to measure participants' perceived tightness-looseness in their country, we used Gelfand et al.'s [27] cultural tightness-looseness questionnaire. It consisted of a total of six questions that asked a participant's perceived degree of the tightness or looseness of the cultural and social norms in their country with 6-point Likert scale. They were asked to write the numbers that represent the degree of their agreement for each statement (e.g., "There are many social norms that people are supposed to abide by in your country", "In your country, if someone acts in an inappropriate way, others will strongly disagree"). As a participant's perceived strength and tightness of social norms in her country become stronger, she gets a higher score. In addition, Self-Construal Scale developed by Singelis, Triandis, Bhawuk and Gelfand was used to measure the degree of each participant's individualistic versus collectivistic self-construal [28]. This measurement quantified how strongly a participant regarded himself/herself as an individualist or a collectivist with 7-point Likert scale. In common with the tightness-looseness measurement, Self-Construal Scale asked participants to rate the degree of agreement to each statement 12 represented either individualism (independent self) (e.g., "I enjoy being unique and different from others in many respects") or collectivism (interdependent self) (e.g., "Even when I strongly disagree with group members, I avoid an argument"). We calculated a participant's "collectivism minus individualism score" to quantify her self-construal on her cultural perspective. The higher score means that he/she was more likely to perceive himself/herself as a collectivist and interdependent person. 2.4. Image Acquisition Participants were scanned with a 3.0 T General Electric whole-body scanner with an 8-channel birdcage head coil. Head movements were minimized using foam paddings. High resolution T2weighted fast spin echo structural images (TR = 3000ms, TE = 68ms, FOV = 240mm, matrix = 256 x 256) were acquired for alignment. Thirty-one oblique axial slices were taken parallel to the AC-PC with 4-mm slice thickness, 1-mm inter-slice skip. Functional scans were acquired with a spiral in and out sequence (TR = 2000ms, TE = 30ms, flip angle = 90 o ) [29]. Thirty-one 4-mmthick axial slices were acquired per TR, for a total of 157 TRs per functional block with a resolution of 3.75 x 3.75 mm (FOV = 240mm, 64 x 64 matrix) covering the entire brain. An automated high-order shimming procedure based on spiral acquisitions was used to reduce B0 heterogeneity [30]. The total image acquisition time for the functional task was 62-minute and 48-second long. A high resolution T1 volume scan (132 slices, 1.2-mm thickness) was collected for every participant using an IR-prep 3D FSPGR sequence for T1 contrast (TR = 5.8ms, TE = 1.8ms, flip angle = 11 o , FOV = 240mm, 256 x 192 x 132 matrix). During the scanning session, the participant's respiration and cardiac pulsatility were measured and recorded using a respiratory belt around the abdomen and a pulse oximeter on the finger of the non-dominant hand. 13 2.5. Behavioral and Survey Data Analysis The response time and decision made by participants were statistically analyzed. First, the mean response times under two different conditions (moral-personal versus moral-impersonal) were compared using both ANOVA and t-test. The response time was defined as the time period between the presentation of the third slide, which asks a participant to make a decision, and the button press. These analyses include comparisons between two nationality groups (Korean vs. American), gender groups (females vs. males), and response types (appropriate vs. inappropriate). In addition, participants' responses were compared between conditions and groups using both within and between-group t-tests. Participants' responses were coded in two values: 0 ("appropriate", utilitarian in most cases) and 1 ("inappropriate", deontological in most cases). First, we compared the mean number of responses between two different moral dilemma categories within a group. Because the total number of dilemmas included in each dilemma type group was not identical, we used the percentage of "appropriate" responses to control the dilemma type factor. Second, these mean numbers were compared between Korean and American subjects within each moral dilemma category. Third, we also investigated the gender effect on decisions. For these analyses, non-moral dilemmas are excluded because they were used for a control condition, and they did not contain any moral proposition or moral implication. Instead, we displayed the data of non-moral dilemmas in figures only for demonstration. For the survey data analysis, the mean tightness-looseness and Self-Construal Scale scores were compared between Korean and American participants using two sample t-tests. In addition, the correlation between the calculated tightness-looseness and Self-Construal score, and the neural activity of each participant was calculated. This correlational analysis process will be described in the next section in detail. 14 2.6. Imaging Analysis fMRI data were preprocessed using SPM 8 (Wellcome Department of Cognitive Neurology) and custom MATLAB (Mathworks) routines. To minimize the artifact that might be originated from respiratory and cardiac activities, all acquired images were corrected using the RETROICOR method [31]. During the preprocessing process, functional data were slice-time corrected, realigned within and across blocks to correct for head movement, coregistered with the highresolution anatomical scan, normalized into SPM8's standard MNI space (79 x 95 x 68, 2 x 2 x 2 mm 3 voxels), and smoothed with a 8-mm full-width at half maximum Gaussian kernel. Regressors for the corresponding condition blocks were modeled as a boxcar function convolved with the canonical Hemodynamic Response Function (HRF). The HRF was modeled to include eight functional images surrounding the time point of participants' responses (4-scans before, 1 during and 3 after). Statistical analysis at the single-subject level treated each voxel according to SPM8's general linear model (GLM). For the second order (group) analysis, normalized images were analyzed using ANOVA. In this ANOVA, statistical maps of voxelwise F-statistics were thresholded for significance (p < .01 familywise error corrected, cluster size ≥ 12 voxels) and cluster size (≥ 12 voxels); however, we applied a more lenient threshold (p < .05, familywise error corrected) for exploratory purpose, when we were not able to find statistical significance during the course of ANOVA. Then, these images were compared using planned one sample (within group analysis) or two sample t-test (between group analysis) according to our hypotheses presented in the introduction section. In each t-test, statistical maps of voxelwise tstatistics were thresholded for significance (p < .001, uncorrected for multiple comparisons) and cluster size (≥ 12 voxels); however, we applied a more lenient threshold (p < .005, cluster size ≥ 12 voxels) for exploratory purpose, when we were not able to find statistical significance. The statistical maps were thresholded for minimal cluster size to minimize false positive probability 15 while preventing the loss of statistical power [32]. Among all four comparisons (moral-personal – neutral, moral-impersonal – neutral, moral-personal – moral-impersonal, moral-impersonal – moral-personal), we focus on two comparisons, moral-personal – neutral and moral-impersonal – neutral because these comparisons would show how each group show a greater activity in a brain region under a given condition; two other comparisons, moral-personal – moral-impersonal and moral-impersonal – moral-personal, are used for exploratory purpose. In addition to the whole brain voxelwise cross-cultural t-tests, we conducted correlational analyses between each participant's neural activity, perceived tightness-looseness, and selfconstrual scale score. First, we conducted whole brain correlational analyses between participants' brain activity, perceived tightness-looseness, and self-construal scale score with a voxelwise significant threshold of p < .01 (r > .62) for exploratory purpose. Then, our planned correlational analyses focused on a restricted number of a prior ROI voxels with a reduced voxelwise significance threshold of p < .05 (r > .50). These ROIs were decided according to the result of the previous whole brain voxelwise cross-cultural t-tests; they were voxels that showed a significantly different activity between Korean and American. In addition to these procedures for imaging analyses to test our hypotheses, we conducted additional analyses to examine the relation between participants' neural activity, gender, and response for exploratory purpose. For the cross-gender analysis, first, we conducted a two-way ANOVA (nationality x gender). F-statistics were thresholded for significance (p < .01 familywise error corrected, cluster size ≥ 12 voxels); however, we applied a more lenient threshold (p < .05, familywise error corrected) for exploratory purpose, when we were not able to find statistical significance. Then, we compared male and female participants' neural activity with a voxelwise threshold of p < .001 (uncorrected for multiple comparisons), and minimum 16 cluster size of 12 voxels. We also compared participants' neural activity between when they made an "appropriate" and "inappropriate" decision with a voxelwise threshold of a same p value and minimum cluster size. In addition, we calculated correlational coefficients between participants' neural activity and behavioral data. The correlational coefficients between their neural activity, response time, and the number of utilitarian or deontological decisions that they made were calculated, and a voxelwise significance threshold of p < .01 (r > .62) was applied. 3. Results 3.1. Behavioral 3.1.1. Response Time <Place Fig. 1 about here> First, we examined the difference in mean response times between two nationality groups. The result of ANOVA showed that only the main effect of dilemma type was significant [F (1, 636) = 9.35, p < .005], while participants' nationality [F (1, 636) = 2.12, p >> .05] and the interaction effect [F (1, 636) = .38, p >> .05] were insignificant. Among Korean participants, there was no significant difference in mean response times between moral-personal and moral-impersonal conditions [t (318) = 1.64, p >> .05]. However, American responded to moral-personal dilemmas significantly slower than to moral-impersonal dilemmas [t (318) = 2.76, p < .01]. In addition, there was no effect of nationality on mean response times in both the moral-personal [t (350) = .58, p >> .05] and moral-impersonal conditions [t (286) = 1.57, p >> .05]. In addition to the nationality, we examined the effects of both gender and response types on mean response times. First, in case of the gender effect (see Fig. S1), the result of ANOVA showed that both main effects of gender [F (1, 636) = 6.08, p < .05] and dilemma type [F (1, 636) 17 = 9.42, p < .005] were significant, while the interaction effect was insignificant [F (1, 636) = 0.45, p >> .05]. The results of two group comparisons reported that first, among both females [t (318) = 2.36, p < .05] and males [t (318) = 1.97, p < .05], the mean response time under the moral-personal condition was significantly greater than that under the moral-impersonal condition; second, when we compared by dilemma types, females responded significantly slower than males to moral-personal dilemmas [t (350) = 2.16, p < .05], but not to moral-impersonal dilemmas [t (286) = 1.36, p >> .05]. Second, in case of the effect of response type (appropriate vs. inappropriate) (see Fig. S2), the result of ANOVA reported that both main effects of dilemma type [F (1, 636) = 12.5, p < .0005] and response type [F (1, 636) = 10.08, p < .005], and the interaction effect were significant [F (1, 636) = 11.92, p < .001]. However, the mean response time for "appropriate" responses was only significantly greater than that for "inappropriate" responses under moral-personal condition [t (350) = 4.60, p < .0001], but not under moral-impersonal condition [t (286) = .21, p >> .05]. In addition, the significant differences in the mean response time between moral-personal and moral-impersonal conditions were only appeared for "appropriate" responses [t (284) = 4.50, p < .0001], but not for "inappropriate" responses [t (351) = .07, p >> .05]. 3.1.2. Moral Decision <Place Fig. 2 about here> First, we examined the effect of nationality on moral decisions. The results of ANOVA reported that the main effect of dilemma type [F (1, 28) = .00, p >> .05] and nationality [F (1, 28) = 1.56, p >> .05], and the interaction effect (dilemma type by nationality) [F (1, 28) = .46, p >> .05] were insignificant. 18 Second, we examine the gender effect on decisions (see Fig. S3). The result of ANOVA demonstrated that all effects including the main effects of both dilemma type [F (1, 28) = .00, p >> .05] and gender [F (1, 28) = .00, p >> .05], and the interaction effect (dilemma type by gender) [F (1, 28) = .38, p >> .05] were insignificant. 3.2. Survey Data <Place Fig. 3 about here> We compared the mean tightness-looseness and Self-Construal Scale scores between Korean and American participants. First, Korean participants showed a significantly higher mean tightnesslooseness than American participants [t (13) = 3.80, p < .005]. Second, Korean participants showed a stronger degree of collectivistic and interdependent self-construal tendency than American participants, but the difference was insignificant [t (13) = 0.34, p = .74]. 3.3. Imaging <Place Fig. 4 about here> <Place Table 2 about here> First, we conducted whole brain voxelwise ANOVAs to identify whether there were significant main and interactional effects. There were voxels that showed significant main effects of both participants' group and a dilemma type, and the interaction effect; however, for the interaction effect, there was no voxel showed statistical significance for p < .01 (familywise error corrected), so we applied a more lenient threshold, p < .05 (familywise error corrected). <Place Table 3 about here> <Place Fig. 5 about here> 19 <Place Fig. 6 about here> We conducted whole brain voxelwise planned t-tests for both Korean and American participants to compare the neural activity between moral-personal and neutral conditions, and moralimpersonal and neutral conditions (see Table S1, S2, and Fig. S4, S5). Next, we conducted two sample t-tests to quantify differences in the neural activity between Korean and American using the resulted contrast images. First, in the comparison between moral-personal and neutral conditions, Korean participants showed a significantly stronger signal increase in the right putamen [t (14) = 5.00, p < .0002] and right superior frontal gyrus (SFG) [t (14) = 5.07, p < .0002] than American. On the other hand, American's brain activation was significantly stronger in the bilateral ACC than Korean in this comparison [t (14) = -5.38, p < .0001]. In addition, we conducted correlational analyses between participants' neural activity, cultural tightness-looseness, and self-construal scores under the moral-personal condition (see Table S3 and Fig. S6 for the results of whole brain analyses). Given the results of our planned, ROIrestricted correlational analyses, there were statistically significant correlations between the neural activity in these regions and survey results. There were significant positive correlations between tightness-looseness scores and percent BOLD signal changes in the right putamen [r (13) = .56, p < .05] and right SFG [r (13) = .63, p < .05]. On the other hand, the signal change in the bilateral ACC was significantly negatively associated with both tightness-looseness (r (13) = -.55, p < .05) and self-construal scores [r (13) = -.41, p < .05]. <Place Fig. 7 about here> <Place Fig. 8 about here> 20 Second, in the comparison between moral-impersonal and neutral conditions, Korean participants showed greater activation in the right postcentral sulcus than American participants [t (14) = 5.02, p < .0002]. However, there was no brain region that showed significantly stronger activation in American participants than Korean in this comparison. Hence, we applied a more lenient threshold (p < .005) for exploratory purpose. When we applied the more lenient threshold, only the left MFG showed a significantly stronger activity in American participants than in Korean under the moral-impersonal minus neutral condition [t (14) = -3.85, p < .005]. In addition, we conducted correlational analyses in the moral-impersonal condition, as we did in the moralpersonal condition (see Table S4 and Fig. S6 for the results of whole brain analyses). Given the results of the planned, ROI-restricted analyses, the signal change in the right postcentral sulcus was significantly positively associated with participants' tightness-looseness score [r (13) = .51, p < .05]. On the other hand, there were significant negative correlations between the activity in the left MFG, and both tightness-looseness [r (13) = -.46, p < .05] and self-construal scores [r (13) = -.50, p < .05]. In addition, for exploratory purpose, we compared the neural activity between Korean and American participants for moral-personal minus moral-impersonal, and moral-impersonal minus moral-personal conditions. In the comparison between moral-personal and moral-impersonal, moral-impersonal and moral-personal conditions, there was a significant difference in the bilateral ACC. Korean participants showed a significantly greater activity in their ACC under the moral-impersonal condition than under the moral-personal condition [t (14) = 4.14, p < .0005]. Meanwhile, American showed a significantly greater activity in their bilateral ACC under the moral-personal condition than under the moral-impersonal condition [t (14) = -4.14, p < .0005]. There were no regions that showed a significantly greater activity among Korean participants 21 under the moral-personal condition than under the moral-impersonal condition; in case of American, there were no regions that showed a significantly greater activity under the moralimpersonal condition than under the moral-personal condition. Finally, the regions showed the significant main effects of participants' nationality and gender, and their interaction effect was reported in Table S5 and Fig. S7. In addition, the results of the cross-gender comparisons were presented in Table S6 and Fig. S8. Table S7 and Fig. S9 were added to demonstrate the differences in the neural activity between when participants made an "appropriate" and "inappropriate" decision. In addition, the results of additional correlational analyses between each participant's neural activity, response time, and decisions were presented in Table S8, S9, and Fig. S10. We conducted these additional analyses to examine whether the findings of previous fMRI investigations conducted with only Americans (see [15,16,33,34]) were successfully replicated among our cross-cultural participants. The overall results of our analyses successfully replicated the findings of the previous studies [15,16,34]. 4. Discussion First, the behavioral data showed that American participants responded to moral-personal dilemmas significantly slower than to moral-impersonal dilemmas, that is, American participants needed a longer time when they were solving more complicated and emotion-involved dilemmas. This result is in line with a previous cognitive psychology study [20]. Given the previous cognitive psychology study, American relied on a slower decision making mechanism based on a reasoning process, when they encountered emotionally more complicated dilemmas. Unlike American participants, because Korean more utilized intuitive decision making processes, they did not respond to more complicated dilemmas slower than to simple dilemmas. On the other hand, there were no significant effects of dilemma type and nationality on participants' responses. 22 The results are in line with the universal moral developmental model proposed by moral psychologists; they have argued that moral development and moral judgment are universal across different cultures [10-11]. As proposed by them, although the response time and other internal decision making processes would differ between American and Korean, the resulted moral decisions would not significantly differ from each other. There were contradicting results in the analyses of the survey data. First, there was a significant difference in the mean tightness-looseness score between Korean and American participants. This difference in the cultural tightness-looseness could result from the differences in sociocultural backgrounds between Korea and America. Triandis's [35] and Gelfand et al.'s [27] studies suggested that a society with a collectivistic atmosphere and dense population possesses strong and tight social and cultural norms. In fact, Korean society that has a collectivistic tradition based on Confucianism, dense population, and sparse resource comparing to America, possess significantly tighter social and cultural norms; and, Korean participants' perceived degree of cultural tightness is also stronger. However, interestingly, there was no statistically significant difference in the Self-Construal Scale score between Korean and American participants. It means that Korean participants did not perceive themselves as more independent or collectivistic than American participants; it seems to be counterintuitive because various previous cultural psychological studies reported that people living East Asian countries are more interdependent than American (e.g. [36,37]). There could be two reasons. First, we recruited Korean participants at Stanford University, so they could be more individualistic than people living in Korea. Second, we must consider the difference in the nature of questions between tightness-looseness and Self-Construal Scale questionnaires. The former aims to measure the perceived tightness of socio-cultural norms, while the latter asking whether a participant regards 23 herself as either an independent or interdependent person. Thus, there could be a larger individual variance in the result of Self-Construal Scale than the tightness-looseness score; it could be resulted in the small difference in its mean score between two groups. In fact, in Chiao et al.'s [2], there were more Japanese participants placed in the individualistic group than American participants (7 Japanese versus 3 Americans). There were significant differences in neural activation in some brain regions between Korean and American participants when they were solving moral dilemmas. Although the resulted moral decisions were similar between groups, the internal, neural level mechanism of decision making processes showed differences. The overall results of ANOVAs were in line with our prediction and previous studies. We predicted that Korean participants would show more enhanced activity in brain regions associated with intuitive and approximation processes, while their American counterparts would show stronger activity in the regions associated with reasoning and cognitive processes. In fact, a significant main effect of the group factor was found in the insula, putamen, postcentral sulcus, ACC, and SFG, which are associated with either intuitive, approximation, or reasoning process [38-48]. The result of the ANOVA of the main effect of the dilemma type also successfully replicated the previous fMRI investigation of moral functioning conducted by Greene et al. [15]. As Greene et al. reported, participants' brain regions including the MFG, angular gyrus, and parietal lobe showed the significant main effect of the dilemma type in our experiment. In addition, our additional ANOVA with a more lenient threshold reported that a significant interaction effect was found in the ACC, which is also regarded to be associated with a conflict monitoring and cognitive process that are likely to be influenced by both participants' group and dilemma type [43-45]. Given these results, we found that there would be the meaningful effects of both the nationality group and dilemma type on participants' neural 24 activity, so we proceeded to conduct our planned t-tests to examine the differences in the neural activity under a given dilemma condition between Korean and American participants. In addition to the results of ANOVA, the results of within-group comparisons are also in line with the results shown in Greene et al.'s [15,16] previous studies. First, under the moral-personal condition, Korean participants showed significantly stronger neural activation in the right putamen and right SFG that corresponds to the dorsolateral prefrontal cortex (DLPFC). Given previous studies of the cognitive functional role of the putamen, the activity in this area is significantly associated with intuitive social decision making and behavioral processes [38,39]. In addition, a previous study suggested that the putamen is associated with automatic emotional responses and processes, in particular, negative emotions, such as hate and disgust [49]. Thus, Korean participants apparently utilized socio-moral intuitive processes more strongly, and they more relied on an emotional intuitive circuit, which is associated with hate and disgust emotions when they were solving complicated and emotionally negative moral dilemmas, as suggested by the increased activity in the putamen. This result is in line with previous studies in the field of cultural psychology [21]. A previous fMRI investigation on socio-moral decision making tasks showed that the involvement of the putamen is significantly associated with the pursuit of efficiency or utilitarian value [50]. However, there was no statistically significant between-group difference in the number of solutions for moral dilemmas that were perceived morally appropriate (in most cases, associated with utilitarianism) by participants in the moral-personal condition. If the activity in the putamen that facilitates an intuitive and utilitarian decision making mechanism was not controlled, then Korean participants should have made more utilitarian responses than American counterparts. The present study supposes that the significantly greater activity in the right 25 DLPFC among Korean participants is associated with an increased cognitive control over the intuitive activity in the right putamen that is associated with a utilitarian decision. Previous studies showed that the DLPFC is associated with cognitive control over initial intuitive responses and behaviors [16,48]. Thus, the activity in the DLPFC could control the initial intuitive responses of the putamen that is significantly associated with utilitarian decisions, and finally, Korean participants could show a similar response pattern with American participants under the moral-personal condition. This involvement of the DLPFC into the process of moral decision making among Korean participants can be explained by their cultural background. Social and cultural norms in East Asian society that more value the community values than individual desires influence people to more strongly suppress and control their individual, immediate desires and opinions [51]. In addition, Confucian tradition in Korean society teaches that people should control their emotions and feelings [52]. As a result of this cultural experience of Korean, they showed increased activity in the DLPFC region, which is correlated with a cognitive control over their initial emotional intuitive responses toward emotionally complicated moral-personal dilemmas. This co-activation of both the putamen and DLPFC would seem to be logically inconsistent because the putamen is associated with intuition, while the DLPFC is involved in cognitive control. This situation can be explained by the nature of moral problems, which is different from usual problem sets that were used in the previous study that demonstrated the intuitive nature of Asians (e.g., [20]). The problems that were used in this study were basically mathematical, rather than morality-related; they qualitatively differ from those used in our study. In fact, as Turiel proposed, those two problems are in different domains, and they cause significantly different psychological responses in participants [53]. Morality-involved problems are more associated to 26 emotional aspects that are common across diverse cultures comparing to arithmetic problems, which are relatively free from emotions [54,55]. In addition, as proposed in the introduction, several moral psychologists showed evidence of the universality of human morality and moral development across diverse cultures, including both American and Korean [10,11]. As a result, although Koreans are inclined to activate intuition when they encountered moral dilemmas, as previous cross-cultural cognition studies showed, due to the universality underlies human morality and moral problems, they finally made decisions that did not differ from America's' decisions, as presented in our behavioral data. In this process, Koreans attempt to control their immediate, affective response as influenced by their cultural and educational background (e.g., [51,52]), and as revealed in the activity in the DLPFC. In addition, because the increase of the response time is directly associated with the activity in the ACC, not DLPFC [56], Korean participants show a significantly shorter mean response time than Americans, though they more activated cognitive control processes associated with the DLPFC. On the other hand, American participants showed stronger activity in the ACC under the moralpersonal condition. Previous studies of the cognitive role of the ACC showed that the activation in this region is closely associated with conflict-monitoring activities [43,44] and emotional conflict solving [45]. Given these previous studies, American participants could utilize conflict monitoring and resolving mechanisms more when they were coping with emotional and complicated moral dilemmas, and it may be correlated with the stronger activity in the ACC. Because Korean participants have grown up in a collectivistic society that emphasizes the harmony among people living in a same society or community, they might have few chances to utilize this conflict managing mechanisms in their life [26]. This result is also in line with our behavioral-level result that showed that American participants spent significantly longer time to 27 solve moral-personal dilemmas than moral-impersonal dilemmas, while this difference did not appear among Korean participants. The involvement of the ACC during the decision making process to solve emotionally complicated moral dilemmas is associated with a slower processing speed, because its conflict monitoring process requires a longer time when it deals with highconflict problems [46]. Under the moral-impersonal condition, Korean participants showed a significantly increased neural activity in their postcentral sulcus. Previous studies investigating this region showed that the activity in this region is strongly associated with comparison and approximation, rather than accurate and exact calculation [40,41]. Given the findings of the present study and previous studies, Korean participants utilized more approximation and comparison and less exact calculation processes when they were solving moral-impersonal dilemmas, which do not intensively arouse emotional responses and are not seriously involved in harm to a human. This behavior is also in line with cultural psychological studies that have shown the cultural difference in the reasoning and approximation mechanisms between East Asian and Western societies [21,22]. On the other hand, there was no brain region in American participants that showed a significantly greater activity than Korean participants under the moral-impersonal condition at p < .001. However, we attempted to apply a more lenient threshold (p < .005) for exploratory purpose. Of course, because we increased the threshold p value, there is a higher possibility of false positive in this analysis, and it reduces the credibility of the result. Thus, the result of this analysis with the more lenient threshold should be exploratory, not confirmatory. The result demonstrated that a part of the MFG, which corresponds to the FPC, showed a substantially stronger activity among American participants. Koechlin and Hyafil proposed that the involvement of the FPC is 28 associated with "the processing of simple cognitive branching," particularly under uncertain situations, but it has a limited capacity, and is related to non-expert cognitive skills [47]. This result could be explained by the national-wide ethics and moral education curriculum in Korea. Korean moral education curriculum provides materials for the development of moral reasoning, and chances to practice moral judgment through various activities including lectures and discussions. All Korean participants in the present study were required to take this ethics and moral education subject at least for ten years, from elementary to high school [57]. As a result, they were able to practice their moral decision making skills through the curriculum, and became more familiar with moral problem solving, and showed less activity in the FPC region. Korean participants showed increased activity in a part of the inferior parietal cortex, postcentral sulcus and inferior parietal lobule that was proved to be associated with trained mental arithmetic abilities [42]. However, this difference did not appear under moral-personal condition. Because ethics and moral education materials in Korea do not include any significantly violent or brutal moral dilemmas similar to the dilemmas used under moral-personal condition that might not be appropriate to children and adolescents [57], and they usually utilize formalized and exemplary socio-moral stories, so Korean participants could show skilled moral decision making abilities only with the moral-impersonal dilemmas, which are similar to what they have been exposed to during ethics and moral education classes. The correlational analyses between participants' neural activity, tightness-looseness, and perceived self-construal scores were also conducted. In case of the tightness-looseness score, the results were similar to what we expected. The differences in the socio-cultural environment between Korean and American societies (e.g., [23-25,27,36,37]) would be properly reflected into the calculated correlations between the tightness-looseness score and neural activity in selected 29 brain regions as presented in Fig. 6 and 8. However, in case of the correlation between participants' neural activity and self-construal score, there were some inconsistent results. Although there was no significant difference in the mean self-construal score between Korean and American participants, significant correlations between the neural activity and the score was discovered in some brain regions that showed significant cross-cultural differences. It can be interpreted by the influence of participants' self-construal on their decisions and behaviors at both individual and group levels. In fact, Eby and Dobbins's [58] study showed that the perceived individualistic-collectivistic orientation at both levels significantly influence people's behavior. Although the orientation at one level could be independent from that at another level, both factors simultaneously shape people's thought and behavior in a same direction. Likewise, our participants' perceived self-construal-that is an individual-level factor-could be independent from the group-level factor-that is, perceived cultural tightness-looseness, but it could significantly contribute to the difference in neural activity as the group-level factor in a same direction. In fact, the arguments of previous cross-cultural psychological studies regarding people's individualistic-collectivistic orientation, thought, and behavior (e.g., [23-25,35-37]) correspond to the significant correlations between participants' self-construal score and neural activity in their ACC associated with conflict-monitoring and deliberation, and FPC associated with the deliberative processing of unfamiliar problem solving. In addition to these main findings, we conducted additional analyses on the effects of gender and response type factors at the both behavioral and neural level. The correlation between behavioral and image data were also analyzed to examine whether the present study is consistent with previous studies. First, we examined the effect of gender factor on the mean response time, decision outcome, and neural activity. There was a significant gender effect on these behavioral 30 and neuroimaging data, excepting the mean decision outcome; in addition, a significant interaction effect of participants' nationality by gender was also discovered using ANOVA (See Table. S5, S6, Fig. S1, S3, S7, S8). The cross-gender similarity in decision outcomes are in line with previous moral psychological studies that showed a universal developmental model of morality (e.g., [10]). However, future studies should be conducted to explain the cross-gender differences in the mean response time and brain activity during moral tasks. Second, in case of the response type, "appropriate (utilitarian)" responses showed a significantly longer mean response time than "inappropriate (deontological)" responses under the moralpersonal condition, but not under the moral-impersonal condition. This result is in line with previous fMRI investigations conducted by Greene et al. [15-16] (see Fig. S2). The differences in participants' neural activity when they responded "appropriate" and "inappropriate" to a given dilemma are also in line with Greene et al.'s findings [15-16] (see Fig. S9). They demonstrated that when a participant made a utilitarian (appropriate) decision, his/her bilateral DLPFC was significantly activated particularity under the moral-personal condition. It would correspond to the previous study that showed the involvement of the process of cognitive control, when a person made a utilitarian decision that overridden his/her initial gut-level, immediate emotional response that might lead to a deontological decision [33,34]. In conclusion, the findings of previous studies, which only investigated American, were successfully replicated with our crosscultural sample. The results of additional correlational analyses between participants' neural activity, response time and the number of "appropriate" versus "inappropriate" decisions made by them would also replicate previous studies. First, we demonstrated that in both conditions, the engagement of the ACC was significantly associated with the increase of the response time. This result is in line 31 with the previous study of the role of the ACC [46] and the neural correlate of moral reasoning [34]. Because the ACC is associated with conflict monitoring, conflict solving, and "classical cognitive" processes [46], which constitute a moral reasoning mechanism [34], the activity in this region would be positively associated with the response time to a given dilemma. In our study, brain regions other than the ACC, such as the fusiform gyrus, were negatively associated with the response time. This negative correlation is also in line with a Volz and von Cramon's [59] neuroimaging study that showed that the activity in the fusiform gyrus was significantly greater in the intuitive judgment condition comparing to the non-intuitive judgment condition. Second, under both conditions, as participant made more utilitarian decisions, their neural activity in regions associated with a cognitive control, in particular, the DLPFC significantly increased. On the other hand, the number of deontological decisions was positively correlated with the neural activity in other regions, such as the amygdala and limbic system that are associated with affective and emotional processes (see [33,34]). These differences in the neural activity between utilitarian and deontological decisions were more prominent under the moralpersonal condition than the moral-impersonal condition. Because of the nature of each dilemma type, the involvement of either utilitarian or deontological neural mechanism would be stronger in the moral-personal condition (see [15,16]). These results replicated previous neuroimaging investigations on the differences between utilitarian and deontological decisions [33,34]. However, we point out that there is a significant limitation in our study. Due to its small sample size for each group, the volume of each cluster that showed significantly different BOLD activation between Korean and American participants was small; the largest cluster was smaller than 65 voxels (520 mm 3 ). Because of the relatively modest sample size, we conducted a posthoc statistical power analysis based on between-group difference in BOLD signal strengths, 32 inter-subject variability and sample size for each group (8 subjects) at a threshold p-value = 0.001 (see [60]). The analysis utilized data from brain regions that showed significantly different activity between Korean and American subjects. The results showed that excepting the MFG, which did not show significantly different activity at the initial threshold p = .001, all regions showed statistical power stronger than 80%. In case of the MFG, the power was 71%; although this value is slightly less than the typically accepted value of 80%, it can be deemed an acceptable power [61,62]. Of course, the larger sample size would be helpful to increase the generalizability and statistical power in general [63], but our results based on the sample size are at least acceptable by established norms. To support the main findings of our study, future studies should be conducted to address this problem. A larger sample size would increase the overall statistical power of the comparisons, minimize the possibility of potential type II error, and increase the size of each cluster that shows a significant difference between two groups [63]. In addition, there have been several concerns regarding the moral dilemmas developed by Greene and his colleagues. Among them, Christensen and Gomila pointed out two significant problems. First, the classification between three dilemma types (moral-personal, moralimpersonal, and non-moral) are not fully elaborated; instead, the classification of Greene et al. was preliminary, not final [64]. Second, there is significant within-type variability. For instance, a perceived personal distance [64] in a certain dilemma could significantly differ from another dilemma of the same type, and it could increase within-type variability. Finally, some moral psychologists have contended that because these dilemmas are not realistic, but hypothetical, and contain extreme situations it would be difficult to properly investigate participants' moral thinking in their real, everyday lives using them (e.g., [65]). However, to examine cross-cultural differences and similarities by comparing the findings of the present study with those of previous 33 studies that only targeted American, the present study utilized the dilemmas used in previous studies. Thus, future studies should use improved moral dilemmas. First, philosophical sophistication is needed to address unclear dilemma classification and within-type variability problems (e.g., [66]). Second, more realistic everyday moral dilemmas, such as the dilemmas used in Gilligan's moral decision making study (see [67]), should be utilized. 5. Conclusions In conclusion, the differences in cultural and educational backgrounds between the two participant groups may be associated with the differences in the pattern of moral decision making processes at the neural level. We compared moral decision making processes at both behavioral and neural levels between Korean and American participants. The findings of the present study support the standpoint in cultural psychology that argues culture-brain co-construction [1,2], and in educational psychology that emphasizes the influences of education to human brain development [4] even in the domain of morality. Socio-cultural and educational factors related to morality are strongly associated with the human brain development, so the difference in these factors could lead to different neural developmental mechanisms. Finally, the differences in the neural developmental courses could be investigated using neuroimaging methods, and could be reflected in the differences in the neural activity during moral decision making tasks as reported in the present study. As a result, we propose some implications for moral development and education that could be drawn from the findings of the present study. In previous moral psychological and educational studies, scholars have utilized self-reporting paper-and-pencil, or interview-based measurement to investigate participants' moral decision making processes (e.g. Moral Judgment Interview [68], Defining Issues Test [69]). However, this kind of subjective measurement can be susceptible to 34 the deception problem, and cannot show us the underlying mechanism of human moral functioning (see [70]). Thus, this neuroimaging study contributes to the illumination of mechanisms and processes of moral decision making. It is important to properly measure the degree of students' moral development to evaluate the effects of moral educational programs, so this kind of more reliable and valid measurement can give moral educators with more accurate information about how their programs influence on students' moral functioning and which part of the programs should be improved and modified. Given the fact that Korean society is quickly transforming into a multicultural society, this kind of cross-cultural neuroscientific investigation of moral decision making processes may provide moral psychologists and educators with useful inspirations about how to teach Korean students how cope with moral problems occurring in Korean society. Because there is a large possibility that more diverse and severe values conflicts will happen in pluralist, multicultural societies, these functions-value conflict detection, monitoring, and solving-are very crucial to solve various moral problems in multicultural societies where various social, cultural, and moral values originated from different cultures coexist. However, the result of this study demonstrated that Korean participants showed weaker brain activation in the ACC that is associated with the value conflict detection and solving than American participants. Given the result of this study, on the one hand, Korean participants seemed to be less inclined to utilize these functions than American participants when they were solving human value-involved moral dilemmas. Thus, to be prepared for the trend of multiculturalization in Korean and other unicultural and collectivistic society in a transition period, moral psychologists and educators should consider how to improve these functions that seem to be less activated in Korean participants, but are essential to solve moral problems in a multicultural society. In addition, some moral-personal dilemmas could be frequently utilized to 35 promote the development of students' moral deliberation and thinking on the dignity of human life. On the other hand, in American schools where moral education is not provided to student as a form of an individual subject, opportunities for moral discussions and debates regarding various moral issues and dilemmas through all subjects and extracurricular activities should be provided to students. Given the results of the analysis of participants' brain activation, by enhancing access to moral discussions in American schools American students could be familiarized to socio-moral issues as Korean students. In conclusion, moral education should be culturally sensitive to effectively promote students' moral development. Acknowledgements We would like to thank William Damon, Geoffrey Cohen, Joshua D. Greene, Mary Helen Immordino-Yang, Joan Y. Chiao, Sora Kim, Young su Park, Stanford Center on Adolescence and Stanford Radiological Sciences Lab members, and anonymous referees for their advice and instructive comments on an earlier version of this article. 36 References [1] Chiao JY. Cultural neuroscience: a once and future discipline. In: Joan YC, editor. Progress in Brain Research: Elsevier; 2009. p. 287-304. [2] Chiao JY, Harada T, Komeda H, Li Z, Mano Y, Saito D, et al. Neural basis of individualistic and collectivistic views of self. Hum Brain Mapp. 2009;30(9):2813-20. [3] Chiao JY, Harada T, Komeda H, Li Z, Mano Y, Saito D, et al. Dynamic Cultural Influences on Neural Representations of the Self. J Cognitive Neurosci. 2010;22(1):1-11. [4] Immordino-Yang MH, McColl A, Damasio H, Damasio A. Neural correlates of admiration and compassion. Proceedings of the National Academy of Sciences. 2009;106(19):8021-6. [5] Zhu Y, Zhang L, Fan J, Han SH. Neural basis of cultural influence on self-representation. Neuroimage. 2007;34(3):1310-6. [6] Cheon BK, Im DM, Harada T, Kim JS, Mathur VA, Scimeca JM, et al. Cultural influences on neural basis of intergroup empathy. Neuroimage. 2011;57(2):642-50. [7] Kim B, Sung YS, McClure SM. The neural basis of cultural differences in delay discounting. Philos T R Soc B. 2012;367(1589):650-6. [8] Kohlberg L. The philosophy of moral development: Moral stages and the idea of justice. San Francisco: Harper & Row; 1981. [9] Kohlberg L. The psychology of moral development: the nature and validity of moral stages. San Francisco: Harper & Row; 1984. [10] Rest J, Thoma SJ, Moon YL, Getz I. Different Cultures, Sexes, and Religions. In: Rest JR, editor. Moral Development: Advanced in Research and Theory. New York: Praeger; 1986. p. 89-132. 37 [11] Rest J, Narvaez D, Bebeau MJ, Thoma SJ. Postconventional Moral Thinking: A Neo-Kohlbergian Approach. Mahwah, NJ: Lawrence Erlbaum Associates, Publishers; 1999. [12] Shweder RA, Mahapatra M, Miller JG. Cultural and Moral Development. In: Kagan J, Lamb S, editors. The Emergence of Morality in Young Children. Chicago: University of Chicago Press; 1987. p. 1-83. [13] Shweder RA, Much NC, Mahapatra M, Park L. The "Big Three" of Morality (Autonomy, Community, Divnity) and the "Big Three" Explanations of Suffering. In: Shweder RA, editor. Why do Men Barbecue?: Recipes for Cultural Psychology. Cambridge, MA: Harvard University Press; 2003. p. 74-134. [14] Haidt J, Graham J. When Morality Opposes Justice: Conservatives Have Moral Intuitions that Liberals may not Recognize. Soc Just Res. 2007;20(1):98-116. [15] Greene JD, Sommerville RB, Nystrom LE, Darley JM, Cohen JD. An fMRI investigation of emotional engagement in moral judgment. Science. 2001;293(5537):2105-8. [16] Greene JD, Nystrom LE, Engell AD, Darley JM, Cohen JD. The neural bases of cognitive conflict and control in moral judgment. Neuron. 2004;44(2):389-400. [17] Moll J, de Oliveira-Souza R, Eslinger PJ, Bramati IE, Mourao-Miranda J, Andreiuolo PA, et al. The neural correlates of moral sensitivity: A functional magnetic resonance imaging investigation of basic and moral emotions. J Neurosci. 2002;22(7):2730-6. [18] Robertson D, Snarey J, Ousley O, Harenski K, Bowman ED, Gilkey R, et al. The neural processing of moral sensitivity to issues of justice and care. Neuropsychologia. 2007;45(4):755-66. 38 [19] Prehn K, Wartenburger I, Meriau K, Scheibe C, Goodenough OR, Villringer A, et al. Individual differences in moral judgment competence influence neural correlates of socio-normative judgments. Soc Cogn Affect Neur. 2008;3(1):33-46. [20] Norenzayan A, Smith EE, Kim BJ, Nisbett RE. Cultural preferences for formal versus intuitive reasoning. Cognitive Sci. 2002;26(5):653-84. [21] Nisbett RE, Peng KP, Choi I, Norenzayan A. Culture and systems of thought: Holistic versus analytic cognition. Psychol Rev. 2001;108(2):291-310. [22] Lun VMC, Fischer R, Ward C. Exploring cultural differences in critical thinking: Is it about my thinking style or the language I speak? Learn Individ Differ. 2010;20(6):604-16. [23] Triandis HC. Individualism-collectivism and personality. J Pers. 2001;69(6):907-24. [24] Oyserman D, Coon HM, Kemmelmeier M. Rethinking individualism and collectivism: Evaluation of theoretical assumptions and meta-analyses. Psychol Bull. 2002;128(1):3-72. [25] Leung K, Koch P, Lu L. A Dualistic Model of Harmony and its Implications for Conflict Management in Asia. Asia Pacific Journal of Management. 2002;19(2-3):201-20. [26] Constantine MG, Sue DW. Factors Contributing to Optimal Human Functioning in People of Color in the United States. Couns Psychol. 2006;34(2):228-44. [27] Gelfand MJ, Raver JL, Nishii L, Leslie LM, Lun J, Lim BC, et al. Differences Between Tight and Loose Cultures: A 33-Nation Study. Science. 2011;332(6033):1100-4. [28] Singelis TM, Triandis HC, Bhawuk DPS, Gelfand MJ. Horizontal and Vertical Dimensions of Individualism and Collectivism: A Theoretical and Measurement Refinement. Cross Cult Res. 1995;29(3):240-75. 39 [29] Glover GH, Law CS. Spiral-in/out BOLD fMRI for increased SNR and reduced susceptibility artifacts. Magn Reson Med. 2001;46(3):515-22. [30] Kim DH, Adalsteinsson E, Glover GH, Spielman DM. Regularized higher-order in vivo shimming. Magn Reson Med. 2002;48(4):715-22. [31] Glover GH, Li TQ, Ress D. Image-based method for retrospective correction of physiological motion effects in fMRI: RETROICOR. Magn Reson Med. 2000;44(1):162-7. [32] Forman SD, Cohen JD, Fitzgerald M, Eddy WF, Mintun MA, Noll DC. Improved Assessment of Significant Activation in Functional Magnetic-Resonance-Imaging (Fmri) Use of a Cluster-Size Threshold. Magn Reson Med. 1995;33(5):636-47. [33] Cushman F, Young L, Greene JD. Our multi-system moral psychology: Towards a consensus view. In: Doris JD, editor. The Moral Psychology Handbook. Oxford, UK: Oxford University Press; 2010. p. 47-71. [34] Greene JD. The Secret Joke of Kant's Soul. In: Sinnott-Armstrong W, editor. Moral Psychology, Vol 3: The Neuroscience of Morality: Emotion, Disease, and Development. Cambridge, MA: MIT Press; 2007. p. 35-80. [35] Triandis HC. The self and social behavior in differing cultural contexts. Psychol Rev. 1989;96(3):506-20. [36] Triandis HC. Individualism and Collectivity: Past, Present, and Future. In: Matsumoto D, editor. The Handbook of Culture and Psychology. Oxford, UK: Oxford University Press; 2001. p. 35-50. [37] Brewer MB, Yuki M. Culture and Social Identity. In: Kitayama S, Cohen D, editors. Handbook of Cultural Psychology. New York: The Guilford Press; 2007. p. 136-74. 40 [38] Lieberman MD. Intuition: A social cognitive neuroscience approach. Psychol Bull. 2000;126(1):10937. [39] Wan XH, Nakatani H, Ueno K, Asamizuya T, Cheng K, Tanaka K. The Neural Basis of Intuitive Best Next-Move Generation in Board Game Experts. Science. 2011;331(6015):341-6. [40] Dehaene S, Spelke E, Pinel P, Stanescu R, Tsivkin S. Sources of mathematical thinking: Behavioral and brain-imaging evidence. Science. 1999;284(5416):970-4. [41] Chochon F, Cohen L, van de Moortele PF, Dehaene S. Differential contributions of the left and right inferior parietal lobules to number processing. J Cognitive Neurosci. 1999;11(6):617-30. [42] Olesen PJ, Westerberg H, Klingberg T. Increased prefrontal and parietal activity after training of working memory. Nat Neurosci. 2004;7(1):75-9. [43] Kerns JG, Cohen JD, MacDonald AW, Cho RY, Stenger VA, Carter CS. Anterior Cingulate conflict monitoring and adjustments in control. Science. 2004;303(5660):1023-6. [44] Etkin A, Egner T, Peraza DM, Kandel ER, Hirsch J. Resolving emotional conflict: A role for the rostral anterior cingulate cortex in modulating activity in the amygdala. Neuron. 2006;51(6):871-82. [45] Amodio DM, Frith CD. Meeting of minds: the medial frontal cortex and social cognition. Nat Rev Neurosci. 2006;7(4):268-77. [46] Botvinick MM, Cohen JD, Carter CS. Conflict monitoring and anterior cingulate cortex: an update. Trends Cogn Sci. 2004;8(12):539-46. [47] Koechlin E, Hyafil A. Anterior prefrontal function and the limits of human decision-making. Science. 2007;318(5850):594-8. [48] O'Reilly RC. The What and How of prefrontal cortical organization. Trends Neurosci. 2010;33(8):355-61. 41 [49] Zeki S, Romaya JP. Neural Correlates of Hate. Plos One. 2008;3(10):E3556. [50] Hsu M, Anen C, Quartz SR. The right and the good: Distributive justice and neural encoding of equity and efficiency. Science. 2008;320(5879):1092-5. [51] Markus HR, Kitayama S. Culture and the Self Implications for Cognition, Emotion, and Motivation. Psychol Rev. 1991;98(2):224-53. [52] Kim KH. Exploring the interactions between Asian culture (Confucianism) and creativity. J Creative Behav. 2007;41(1):28-53. [53] Turiel E. The Development of Children's Orientations toward Moral, Social, and Personal Orders: More than a Sequence in Development. Hum Dev. 2008;51(1):21-39. [54] Haidt J. The moral emotions. In: Davidson RJ, Scherer KR, Goldsmith HH, editors. Handbook of affective sciences. New York, NY, US: Oxford University Press; 2003. p. 852-70. [55] De Waal FB. Good natured: The origins of right and wrong in humans and other animals: Harvard University Press; 1996. [56] MacDonald AW, 3rd, Cohen JD, Stenger VA, Carter CS. Dissociating the role of the dorsolateral prefrontal and anterior cingulate cortex in cognitive control. Science. 2000;288(5472):1835-8. [57] Roh Y-R. Democratic citizenship education in the information age: a comparative study of South Korea and Australia. Asia Pacific Educ Rev. 2004;5(2):167-77. [58] Eby LT, Dobbins GH. Collectivistic orientation in teams: an individual and group-level analysis. J Organ Behav. 1997;18(3):275-95. [59] Volz KG, von Cramon DY. What Neuroscience Can Tell about Intuitive Processes in the Context of Perceptual Discovery. J Cognitive Neurosci. 2006;18(12):2077-87. 42 [60] Desmond JE, Glover GH. Estimating sample size in functional MRI (fMRI) neuroimaging studies: statistical power analyses. Journal of neuroscience methods. 2002;118(2):115-28. [61] Brewer JK. On the Power of Statistical Tests in the "American Educational Research Journal". American Educational Research Journal. 1972;9(3):391-401. [62] Nietert PJ, Dooley MJ. The power of the sign test given uncertainty in the proportion of tied observations. Contemp Clin Trials. 2011;32(1):147-50. PMCID: 3005845. [63] Cohen J. Statistical power analysis for the behavioral sciences. Hillsdale, NJ, England: Lawrence Erlbaum Associates, Inc; 1977. [64] Christensen JF, Gomila A. Moral dilemmas in cognitive neuroscience of moral decision-making: A principled review. Neuroscience & Biobehavioral Reviews. 2012;36(4):1249-64. [65] Damon W, Colby A. Why a true account of human development requires exemplar research. In: Matsuba MK, King PE, Bronk KC, editors. Exemplar methods and research: Quantitative and qualitative strategies for investigation New Directions in Child and Adolescent Development. San Francisco, CA: Jossey-Bass. Forthcoming 2014. [66] Doris J, Stich S. Moral psychology: Empirical approaches [Internet]. In: Zalta EN, editor. The Stanford encyclopedia of philosophy; c2011; [cited 2013 Sep 18]. Available from http://plato.stanford.edu/entries/moral-psych-emp [67] Jorgensen G. Kohlberg and Gilligan: duet or duel? J Moral Educ. 2006;35(2):179-96. [68] Colby A, Kohlberg L. The measurement of moral judgment. Cambridge Cambridgeshire ; New York: Cambridge University Press; 1987. [69] Rest J, Narvaez D, Bebeau M, Thoma S. A Neo-Kohlbergian Approach: The DIT and Schema Theory. Educational Psychology Review. 1999;11(4):291-324. 43 [70] Kristjánsson K. Virtue Development and Psychology's Fear of Normativity. J Theor Philos Psychol. 2012;32(2):103. 44 Tables No Nationality Gender Degree or Major Involved in moral studies? 1 Korean Female MA in Education Y 2 Korean Female BS in Science N 3 Korean Female BA in Music N 4 Korean Female BS in Engineering N 5 Korean Male MS in Science Y 6 Korean Male MS in Engineering N 7 Korean Male MD N 8 Korean Male MS in Science N 9 American Female College student in Engineering N 10 American Female BA in Psychology Y 11 American Female BA in Psychology N 12 American Female BS in Psychology N 13 American Male Law school student Y 14 American Male MA in Education N 15 American Male MA in Education N 16 American Male BS in Psychology N Table 1. Participant demographic information 45 Condition/Region x y z Vox F Main Effects Group (Korean vs. American) R Inferior Parietal Lobule 54 -28 30 273 17.28 R Precentral G 60 8 18 201 24.08 R Insula, Putamen 34 4 6 124 15.7 R Postcentral S -58 -60 38 122 19.37 L Medial Frontal G, ACC -6 58 2 100 16.82 R Hypothalamus 0 -8 -10 96 18.24 R Superior Frontal G 12 56 36 87 31.77 L Medial Frontal G -6 -16 58 57 16.57 R Inferior Parietal Lobule 42 -42 46 51 14.24 R Middle Temporal G 54 -72 10 44 16.07 L Precentral G -56 2 10 25 13.82 L Fusiform G -32 -34 -24 15 12.18 Dilemma Type (Moral-Personal vs. Moral-Impersonal) Bi Medial Frontal G, ACC -8 54 12 1262 48.35 R Superior Parietal Lobule 30 -56 36 981 30.46 L Superior Parietal Lobule -26 -66 46 238 17.35 L Inferior Parietal Lobule -38 -40 46 53 13.98 R Middle Temporal G 56 -50 -14 45 17.24 R Inferior Frontal G 50 10 24 38 13.59 R Inferior Parietal Lobule 40 -34 42 26 13.23 Interaction Effect Group X Dilemma Type Bi Anterior Cingulate Cortex -2 46 6 99 10.8* R Inferior Frontal G 52 6 22 15 8.47* Table 2. Results of whole-brain ANOVA for the main effects of participants' group and dilemma type, and interaction effect , p < .01 familywise error corrected, k ≥ 12. MNI coordinates. (* : p < .05 familywise error corrected, k ≥ 12) 46 Condition/Region x y z Cluster size (vox.) t Korean > American Moral-Personal minus Neutral R Putamen 30 -16 6 32 5 R Superior Frontal G 12 54 36 14 5.07 Moral-Impersonal minus Neutral R Postcentral S 56 -24 38 21 5.02 Moral-Impersonal minus Moral-Personal Bi ACC 2 44 10 34 4.14 American > Korean Moral-Personal minus Neutral Bi ACC -2 46 8 64 -5.38 Moral-Impersonal minus Neutral L Medial Frontal G * -6 58 4 63 -3.85 Moral-Personal minus Moral-Impersonal Bi ACC 2 44 10 34 -4.14 Table 3. Results of whole-brain contrast for (moral-personal – neutral), (moral-impersonal – neutral), (moral-personal – moral-impersonal), and (moral-impersonal – moral-personal) between Korean and American participants, p < .001, k ≥ 12. MNI coordinates. (* : p < .005, k ≥ 12) 47 Figures Fig. 1. Results of the comparison of the mean response time between Korean and American participants under three conditions. American participants spent a significantly longer time to solve moral-personal dilemmas than moral-impersonal dilemmas. There was no significant difference among Korean participants. 48 Fig. 2. Results of the comparison of the mean percentages of dilemma solutions that were considered morally appropriate by participants between two groups. 49 Fig. 3. Results of the comparison of the mean tightness-looseness and Self-Construal Scale scores between Korean and American participants. Korean participants reported higher mean scores in both scales, but only the difference in the mean tightness-looseness score was significant. 50 Fig. 4. Results of whole-brain ANOVA for the main effects of nationality group and dilemma type (p < .01 (familywise error corrected), k ≥ 12), and the interactional effect of (nationality group x dilemma type) (p < .05 (familywise error corrected), k ≥ 12). 51 Fig. 5. Results of whole-brain contrast between Korean and American participants for (moralpersonal – neutral) condition, p < .001, k ≥ 12. Korean participants showed a significantly stronger activation in their right putamen and right superior frontal gyrus than American participants. American participants showed a significantly stronger activity in their bilateral anterior cingulate cortex than Korean participants. 52 Fig. 6. Results of the correlational analyses between BOLD signal change in each region, tightness-looseness and self-construal scores under the moral-personal condition. There were significant positive correlations between the tightness-looseness score, the signal changes in the right putamen and right superior frontal gyrus. On the other hand, there were significant negative correlations between the signal change in the bilateral anterior cingulate cortex and both scores. A threshold of p < .05 was applied. Gray dots represent Koreans, and black dots represent Americans. 53 Fig. 7. Results of whole-brain contrast between Korean and American participants for (moralimpersonal – neutral) condition, p < .001, k ≥ 12. Korean participants showed significantly greater activation in their postcentral sulcus. When applied a more lenient threshold (p < .005), American participants showed a stronger activity in their left medial frontal gyrus than Korean participants. 54 Fig. 8. Results of the correlational analyses between BOLD signal change in each region, tightness-looseness and self-construal scores under the moral-impersonal condition. There was a significant positive correlation between the signal change in the right postcentral sulcus and the cultural tightness score. On the other hand, there were significant negative correlations between the signal change in the left medial frontal gyrus and both scores. A threshold of p < .05 was applied. Gray dots represent Koreans, and black dots represent Americans. 55 Supplementary Materials Tables Condition/Region x y z Cluster size (vox.) t Moral-Personal minus Neutral Bi ACC 8 42 8 1933 20.6 L Precuneus 0 -38 16 734 21.3 R STG 66 -40 13 101 7.39 L Hippocampus -34 14 -4 89 9.78 L Insula -28 12 -10 75 8.09 R STS 48 -60 10 73 7.5 R Hippocampus 30 -8 -20 44 11.6 L Occipital Lobe -52 -70 12 44 6.96 L Postcentral G -30 -44 70 42 9.11 L OFC -20 34 -8 27 6.26 R Caudate 16 16 14 25 6.16 L MTG -40 -60 14 19 6.66 L Medial Frontal G -6 -14 62 19 5.7 Bi Subcallosal G 0 6 -16 18 8.26 L Caudate Head -12 20 -6 17 5.53 R STG 36 12 -34 14 5.39 L ACC -2 16 -8 14 5.25 R Middle Frontal G 28 28 34 13 7.82 Moral-Impersonal minus Neutral L Precuneus -12 -32 40 310 8.19 L Precuneus -2 -66 32 111 6.44 L Inferior Parietal Lobule -68 -26 22 80 7.51 R Postcentral G 54 -24 40 49 8.97 Bi Superior Frontal G 4 52 32 49 7.5 R Middle Frontal G 22 32 38 37 10.1 R Supramarginal G 56 -26 26 28 5.39 L Medial Frontal G -6 52 12 18 6.82 R STG 68 -42 18 15 5.66 L Caudate Head -12 20 -8 14 6.11 Moral-Personal minus Moral-Impersonal Bi Medial Frontal G 8 56 10 481 10.3 R TPJ 60 -66 22 30 6.69 L Superior Frontal G -12 68 8 16 7.29 Bi Precuneus 2 -62 32 16 5.63 Moral-Impersonal minus Moral-Personal 56 R Inferior Parietal Lobule 50 -40 46 98 7.59 R MTG 60 -48 -16 73 9.72 L Inferior Frontal G -58 12 28 60 8.67 R Inferior Parietal Lobule 42 -58 52 51 5.99 R Inferior Frontal G 50 16 28 45 8.06 L Inferior Parietal Lobule -38 -52 50 43 5.83 L Middle Frontal G -42 12 32 35 5.8 Table S1. Results of whole-brain contrast for (moral-personal – neutral), (moral-impersonal – neutral), (moral-personal – moral-impersonal) and (moral-impersonal – moral-personal) conditions within Korean participants, p < .001, k ≥ 12. MNI coordinates. 57 Condition/Region x y z Cluster size (vox.) t Moral-Personal minus Neutral Bi ACC -8 38 10 3769 18.8 Bi Precuneus -4 58 18 386 10.3 L Cingulate G -16 -34 36 189 12.8 L TPJ -48 -82 24 146 9.42 L Parahippocampa G -30 -44 -4 133 14 R Subcallosal G 6 4 -18 87 9.86 R Cingulate G 12 -32 42 86 6.81 L Insula -36 20 -12 41 8.97 R TPJ 58 -62 6 22 5.43 L Inferior Parietal Lobule -68 -36 30 17 5.59 Bi OFC -2 30 -14 15 5.91 Moral-Impersonal minus Neutral L Medial Frontal G -8 60 10 221 10.4 L Parahippocampa G -22 -38 -32 184 7.76 L Superior Frontal G -30 28 36 170 8.28 Bi Precuneus -6 -54 16 134 7.08 L Cingulate G -16 -34 32 132 8.09 L TPJ -50 -76 16 125 9.43 R Precuneus 8 -44 46 64 8.06 Bi ACC -2 34 24 46 9.95 R MTG 56 -62 -10 33 8.89 L Middle Frontal G -20 -12 62 28 5.57 R Thalamus 16 -28 6 22 8.24 L Superior Frontal G -20 60 16 21 7.06 R Superior Frontal G 30 34 36 17 6 R TPJ 56 -62 8 16 5.57 R Fusiform G 30 -36 -24 14 6.08 L Precuneus -4 -52 42 14 5.39 Moral-Personal minus Moral-Impersonal Bi ACC -10 38 8 1328 12.6 Bi Precuneus -4 -56 22 417 21.6 R Parahippocampa G 18 4 -18 175 14 L Insula -30 12 -16 94 6.96 R Superior Frontal G 20 46 46 73 9.09 L Cingulate G -18 -22 38 26 8.57 Moral-Impersonal minus Moral-Personal R Precuneus 30 -44 34 734 10.1 L Superior Parietal Lobule -28 60 42 76 6.01 58 L Fusiform G 34 -66 -16 51 7.08 L Inferior Frontal G -40 4 34 45 6.18 L Inferior Frontal G -56 30 18 27 10.9 L Precuneus -18 -76 52 15 5.67 L Precuneus -16 -62 42 14 5.54 R Caudate 16 -8 18 12 5.91 Table S2. Results of whole-brain contrast for (moral-personal – neutral), (moral-impersonal – neutral), (moral-personal – moral-impersonal) and (moral-impersonal – moral-personal) conditions within American participants, p < .001, k ≥ 12. MNI coordinates. 59 Condition/Region x y z Vox p Moral-Personal & Tightness Positive Correlation R Superior Frontal G 10 54 36 696 .0002 L Putamen -14 6 -8 417 .0008 R Hippocampus 42 -16 -16 143 .0002 R Precentral G 48 0 38 97 .0003 R Cingulate G 18 -46 26 48 .0006 R Middle Temporal G 54 -72 12 47 .005 L Posterior Cingulate Cortex -26 -64 4 41 .005 L Inferior Frontal G -42 24 6 40 .002 L Inferior Parietal Lobule -58 -60 38 37 .001 L Middle Frontal G -18 10 66 37 .007 L Precuneus -20 -52 42 35 .002 R Anterior Cigulate Cortex 6 22 -4 32 .01 L Inferior Frontal G -42 14 14 30 .009 L Inferior Frontal G -44 32 -10 25 .007 R Putamen 30 -12 4 22 .005 R Lentiform Nucleus 16 -8 2 22 .005 L Cingulate G -20 -20 46 20 .003 R Meiddle Temporal G 42 10 -34 20 .009 L Middle Frontal G -42 42 24 14 .009 Negative Correlation Bi Anterior Cingulate Cortex -4 46 2 13 .008 L Superior Temporal G -50 -32 8 23 .003 R Inferior Frontal G 50 10 30 21 .003 R Middle Frontal G 36 -2 54 13 .01 Moral-Personal & INT IND Positive Correlation (Interdependent) R Cingulate G 16 -18 54 797 .0001 L Cingulate G -12 12 40 459 .0004 R Insula 42 12 -2 249 .002 R Postcentral G 66 -20 34 210 .001 R Middle Frontal G 48 44 24 202 .001 L Insula -44 12 2 198 .002 R Inferior Frontal G 46 52 8 140 .0002 L Precuneus -16 -54 64 110 .001 L Insula -30 4 18 71 .002 R Insula 38 -6 -10 46 .003 L Middle Occipital G -34 -76 6 41 .003 L Anterior Cingulate Cortex -12 26 26 35 .005 60 L Insula -40 -2 -12 29 .003 R Medial Frontal G 14 4 64 26 .006 R Putamen 30 -22 -4 17 .005 L Insula -34 10 -14 15 .007 R Medial Frontal G 18 8 50 13 .006 Negative Correlation (Individualistic) L Middle Temporal G -60 -20 -18 42 .004 R Middle Temporal G 62 -32 -16 48 .001 L Middle Frontal G -38 38 -4 15 .006 L Anterior Cingulate Cortex -6 26 -2 12 .01 Bi Anterior Cingulate Cortex -4 26 10 35 .005 L Superior Frontal G -14 58 24 21 .007 R Superior Temporal G 60 -64 26 16 .002 L Precuneus -4 -66 28 28 .01 L Angular G -30 -62 32 27 .008 Table S3. Results of whole-brain correlational analyses between neural activity, cultural tightness, and self-construal score for (moral-personal – neutral), p < .01, k ≥ 12. MNI coordinates. 61 Condition/Region x y z Vox p Moral-Impersonal & Tightness Positive Correlation L Putamen -14 6 -8 417 .001 R Insula 30 -30 16 193 .002 Bi Superior Frontal G 2 62 32 179 .001 R Hippocampus 38 -24 -12 152 .0008 R Cingulate G 8 4 34 131 .0002 L Cingulate G -18 -22 44 110 .007 L Parahippocampa G -32 -52 -12 107 .003 R Precentral G 36 -10 30 106 .005 R Caudate 16 8 22 101 .003 R Postcentral S 50 -16 22 96 .004 L Insula -32 10 0 95 .0009 R Putamen 30 6 6 93 .005 R Inferior Frontal G 64 8 16 81 .002 L Middle Temporal G -62 -26 -16 76 .001 L Precentral G -62 6 16 71 .002 L Middle Frontal G -32 42 -8 61 .003 L Subcallosal G -18 12 -18 50 .005 R Superior Frontal G 10 4 66 33 .001 L Inferior Parietal Lobule -54 -62 40 33 .003 L Inferior Frontal G -46 36 -12 31 .004 R Insula 30 20 14 28 .004 R Cingulate G 20 2 48 23 .005 R Parahippocampa G 30 -36 -8 19 .003 L Precentral G -60 4 36 18 .003 R Anterior Cigulate Cortex 4 30 0 18 .01 R Medial Frontal G 16 40 20 17 .007 R Inferior Frontal G 60 6 36 17 .007 R Precentral G 66 -16 40 12 .007 Moral-Impersonal & INT IND Positive Correlation (Interdependent) R Middle Frontal G 44 38 22 13 .01 R Inferior Parietal Lobule 42 -48 48 23 .01 Negative Correlation (Individualistic) R Corpus Callosum 4 18 6 74 .005 L Middle Temporal G -56 -68 14 37 .001 Bi Cingulate G -4 -2 26 362 .0001 L Thalamus -8 -18 18 24 .006 L Cingulate G -12 -32 42 14 .007 62 Bi Precuneus 0 -46 48 91 .001 Table S4. Results of whole-brain correlational analyses between neural activity, cultural tightness, and self-construal score for (moral-impersonal – neutral), p < .01, k ≥ 12. MNI coordinates. 63 Condition/Region x y z Vox F Moral-Personal Main Effects Group (Korean vs. American) R Putamen 30 -18 6 44 35.49 R Postcentral G 68 -12 28 20 35.5 R Superior Frontal G 12 56 38 20 30.24 R Precentral G 60 4 40 16 21.43 Gender (Male vs. Female) L Middle Frontal G -30 46 6 39 25.14 R Hippocampus 32 -12 -24 12 24.03 Interaction Effect Group X Dilemma Type L Precentral G -26 -18 50 332 56.89 Bi Medial Frontal G 12 2 54 102 22.99 Bi Thalamus 2 -24 14 87 24.1 R Subcallosal G 6 6 -16 85 30.6 Bi Anterior Cingulate Cortex 4 36 -8 43 28.25 R Caudate 18 16 16 42 25.54 L Middle Frontal G -24 36 40 18 27.07 Moral-Impersonal Main Effects Group (Korean vs. American) Bi Medial Frontal G* -12 56 8 64 12.31 R Inferior Parietal Lobule* 54 -42 24 47 11.12 L Superior Frontal G -24 16 54 34 16.4 R Superior Parietal Lobule* 24 -66 48 20 9.283 L Precentral G* -36 -20 52 15 11.3 L Precentral G* -44 -20 62 12 12.45 Gender (Male vs. Female) L Caudate -22 -10 24 94 31.49 L Precentral G -34 -20 50 49 27.4 R Lingual G 2 -80 -20 47 17.96 R Fusiform G 36 -68 -20 34 19.66 R Superior Frontal G 6 12 46 19 15.39 Interaction Effect Group X Dilemma Type L Caudate -16 22 14 228 56.16 64 R Anterior Cingulate 22 40 12 164 79.66 R Substania Nigra 10 -14 -12 30 25.26 Bi Posterior Cingulate Cortex 2 -62 8 20 26.96 L Superior Temporal G -44 -36 4 20 17.77 L Caudate -18 -26 26 13 22.62 Table S5. Results of whole-brain ANOVA for the main effects of participants' group and gender, and interaction effect, p < .01 familywise error corrected, k ≥ 12. MNI coordinates. (* : p < .05 familywise error corrected, k ≥ 12) 65 Condition/Region x y z Vox t Moral-Personal Male > Female L Middle Frontal G -30 48 8 17 4.23 Female > Male R Transverse Temporal G* 68 -10 14 44 4.35 R Transverse Temporal G* 46 -26 12 30 3.35 L Medial Frontal G* -6 30 -18 15 3.31 Moral-Impersonal Male > Female L Precuneus -16 -60 38 382 6.32 R Precuneus 4 -76 46 93 4.86 L Precuneus -14 -86 38 91 5.14 L Middle Frontal G -34 -22 48 91 4.91 R Insula 44 -14 -12 23 5.20 R Fusiform G 24 -82 -22 18 4.40 Table S6. Results of whole-brain contrast for (moral-personal – neutral), (moral-impersonal – neutral), (moral-personal – moral-impersonal) and (moral-impersonal – moral-personal) conditions between males and females, p < .001, k ≥ 12. MNI coordinates. (* : p < .005, k ≥ 12) 66 Condition/Region x y z Vox t Moral-Personal Appropriate (Utilitarian) > Inappropriate L Medial Frontal G -26 40 12 391 6.93 R Middle Frontal G 32 44 -2 281 6.88 L Inferior Parietal Lobule -56 -54 44 242 6.75 R Medial Frontal G 10 -34 60 69 4.72 L Precentral G -14 -28 68 44 4.55 L Middle Frontal G -42 54 14 18 4.05 Inappropriate (Deontological) > Appropriate L Superior Temporal G -48 -48 12 146 4.54 L Middle Temporal G -56 -4 -12 120 4.49 L Cuneus -6 -94 6 65 4.69 R Superior Temporal G 48 20 -32 27 4.91 R Superior Temporal G 46 -38 4 21 4.00 L Precentral G -52 -4 50 13 4.26 Moral-Impersonal Appropriate > Inappropriate R Precuneus 24 -60 40 132 4.77 R Middle Frontal G 48 22 24 127 4.64 L Medial Frontal G -16 44 20 54 4.74 L Supramarginal G -62 -48 30 41 4.37 L Cingulate G -20 -46 38 33 5.60 L Fusiform G -44 -46 -22 27 5.60 R Inferior Parietal Lobule 48 -42 22 12 4.15 Inappropriate > Appropriate R Insula 46 -2 2 27 5.22 Table S7. Results of whole-brain contrast for appropriate vs. inappropriate responses under both conditions, p < .001, k ≥ 12. MNI coordinates. (* : p < .005, k ≥ 12) 67 Condition/Region x y z Vox p Moral-Personal & Response Time Positive Correlation (Slower) Bi Cingulate G (Anterior + Posterior) -14 -14 26 2358 .0001 R Inferior Frontal G 48 44 10 62 .001 R Hippocampus 26 -36 8 33 .009 R Inferior Frontal G 42 12 12 88 .0001 R Cingulate G 18 -20 30 87 .002 L Medial Frontal G -20 36 32 12 .01 Negative Correlation (Faster) R Superior Temporal G 48 10 -22 194 .001 R Fusiform G 52 -8 -26 16 .004 L Middle Temporal G -56 8 -16 146 .0005 L Inferior Temporal G -48 -38 -20 48 .001 L Inferior Temporal G -54 -22 -18 21 .01 L Lingual G -6 -86 -21 107 .0003 L Fusiform G -26 -76 -10 120 .005 L Middle Occipital G -30 -96 4 67 .006 Bi Superior Frontal G -6 68 14 412 .0003 L Precentral G -66 -2 16 15 .004 L Precuneus -10 -72 24 61 .004 R Precuneus 14 -70 26 211 .001 R Inferior Parietal Lobule 48 -50 44 27 .007 R Inferior Frontal G 46 6 40 13 .01 L Precentral G -56 0 44 37 .002 L Superior Frontal G -12 50 44 20 .003 L Superior Parietal Lobule -34 -72 50 22 .008 L Middle Frontal G -32 -8 66 15 .008 Moral-Impersonal & Utilitarian Decisions Positive Correlation R Precuneus 20 -68 50 103 .002 R Superior Frontal G 22 56 24 76 .006 R Superior Frontal G 30 42 32 54 .005 L Precuneus -20 -74 34 41 .009 Bi Medial Frontal G 0 46 15 32 .009 R Middle Temporal G 32 48 8 23 .009 L Inferior Temporal G -52 -48 -18 14 .01 Negative Correlation L Caudate -4 2 16 248 .001 R Lentiform Nucleus 24 -4 -6 207 .0009 68 L Lentiform Nucleus -32 -2 -12 180 .001 R Inferior Parietal Lobule 44 -36 42 174 .0009 R Inferior Frontal G 56 10 26 118 .002 L Thalamus -28 -24 -2 117 .0006 R Caudate 6 8 4 100 .001 L Insula -30 -24 16 87 .002 R Thalamus 6 -32 4 64 .004 L Corpus Callosum -6 -30 22 48 .004 R Insula 44 -6 -8 28 .007 L Superior Temporal G -46 -10 -10 25 .002 L Insula -48 -42 22 18 .003 L Caudate -10 22 10 17 .005 L Insula -32 16 16 16 .007 Table S8. Results of whole-brain correlational analyses between neural activity, response time, and the number of utilitarian decisions for (moral-personal – neutral), p < .01, k ≥ 12. MNI coordinates. 69 Condition/Region x y z Vox p Moral-Impersonal & Response Time Positive Correlation (Slower) R Anterior Cingulate Cortex 18 44 12 157 .0001 L Superior Temporal G -50 14 -28 98 .002 R Caudate 2 12 8 69 .002 L Thalamus 0 -18 6 65 .0005 Bi Cingulate G 0 -18 46 52 .003 R Caudate 6 10 -10 36 .002 L Superior Frontal G -22 46 24 23 .003 R Parahippocampa G 14 -8 -18 21 .008 L Middle Temporal G -60 -66 10 14 .008 L Cingulate G -10 -26 44 12 .007 Negative Correlation (Faster) R Superior Temporal G 48 10 -22 194 .001 R Fusiform G 52 -8 -26 16 .004 L Middle Temporal G -56 8 -16 146 .0005 L Inferior Temporal G -48 -38 -20 48 .001 L Inferior Temporal G -54 -22 -18 21 .01 L Lingual G -6 -86 -21 107 .0003 L Fusiform G -26 -76 -10 120 .005 L Middle Occipital G -30 -96 4 67 .006 Bi Superior Frontal G -6 68 14 412 .0003 L Precentral G -66 -2 16 15 .004 L Precuneus -10 -72 24 61 .004 R Precuneus 14 -70 26 211 .001 R Inferior Parietal Lobule 48 -50 44 27 .007 R Inferior Frontal G 46 6 40 13 .01 L Precentral G -56 0 44 37 .002 L Superior Frontal G -12 50 44 20 .003 L Superior Parietal Lobule -34 -72 50 22 .008 L Middle Frontal G -32 -8 66 15 .008 Moral-Impersonal & Utilitarian Decisions Positive Correlation R Insula 42 -6 -10 20 .002 R Inferior Frontal G 50 42 12 227 .006 R Inferior Parietal Lobule 54 -52 52 135 .005 R Postcentral G 58 -26 52 38 .009 L Inferior Parietal Lobule -54 -40 54 16 .009 Negative Correlation 70 L Fusiform G -38 -52 -30 143 .001 L Hippocampus -22 -18 -6 48 .0009 L Lingual G -4 -58 -4 37 .001 R Cingulate G 18 20 36 16 .0009 L Cingulate G -20 4 44 63 .002 L Cingulate G 18 -16 52 98 .0006 R Precuneus 24 -82 44 99 .001 Table S9. Results of whole-brain correlational analyses between neural activity, response time, and the number of utilitarian decisions for (moral-impersonal – neutral), p < .01, k ≥ 12. MNI coordinates. 71 Figures Figure S1.Results of the comparison of the mean response time between Korean and American participants under three conditions. 72 Figure S2. Results of the comparison of the mean response time to two different responses under three conditions. 73 Figure S3. Results of the comparison of the mean percentages of dilemma solutions that were considered morally appropriate by participants between two gender groups. 74 Figure S4. Results of whole-brain contrast within Korean participants for (moral-personal – neutral), (moral-impersonal – neutral), (moral-personal – moral impersonal), (moral-impersonal – moral personal) conditions, p < .001 (uncorrected), k ≥ 12. 75 Figure S5. Results of whole-brain contrast within American participants for (moral-personal – neutral), (moral-impersonal – neutral), (moral-personal – moral impersonal), (moral-impersonal – moral personal) conditions, p < .001 (uncorrected), k ≥ 12. 76 Figure S6. Results of whole-brain correlational analyses between neural activity, cultural tightness, and self-construal score under for both (moral-personal – neutral) and (moral-impersonal – neutral), p < .01 (uncorrected), k ≥ 12. 77 Figure S7. Results of whole-brain ANOVA for the main effects of nationality group and gender, and the interactional effect of (nationality group x dilemma type) (p < .01 (familywise error 78 corrected), k ≥ 12) under both conditions. In case of the moral-impersonal condition, for the main effect of participants' nationality, a more lenient threshold was applied for exploratory purpose (p < .05 (familywise error corrected), k ≥ 12). 79 Figure S8. Results of whole-brain contrast for (moral-personal – neutral), (moral-impersonal – neutral), (moral-personal – moral-impersonal) and (moral-impersonal – moral-personal) conditions between males and females, p < .001, k ≥ 12. MNI coordinates. (p < .005, k ≥ 12 for moral-personal, females > males) 80 Figure S9. Results of whole-brain contrast for "appropriate" and "inappropriate" responses under two conditions, p < .001, k ≥ 12. MNI coordinates. 81 Figure S10. Results of whole-brain correlational analyses between neural activity, response time, and the number of utilitarian decisions under for both (moral-personal – neutral) and (moral-impersonal – neutral), p < .01 (uncorrected), k ≥ 12.